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We measured the electrical resistivity and ac magnetic susceptibility of BaFe2As2 and
SrFe2As2 single crystals under pressure using a cubic anvil apparatus. For BaFe2As2, the anti-
ferromagnetic (AF) and structural transitions are suppressed with increasing pressure. Unex-
pectedly, these transitions persist up to 8 GPa, and no signature of a superconducting transition
was observed in the pressure range investigated here. On the other hand, the AF and structural
transitions of SrFe2As2 collapse at around the critical pressure PC ∼ 5 GPa, resulting in the
appearance of bulk superconductivity. The superconducting volume fraction abruptly increases
above PC, and shows a dome centered at approximately 6 GPa. Our results suggest that the
bulk superconducting phase competes with the AF/orthorhombic phase and only appears in
the narrow pressure region of the tetragonal phase.
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The recent discoveries of superconductivity in iron-
pnictide compounds have attracted much attention in the
field of condensed matter physics.1, 2 The parent com-
pounds containing FeAs layers exhibit structural and
magnetic phase transitions associated with Fe moments.
For instance, BaFe2As2 undergoes structural (tetragonal
to orthorhombic) and antiferromagnetic (AF) transitions
simultaneously at Ts ∼ 140 K.
3 The chemical substitu-
tion of Ba for K, Fe for Co and pressure application sup-
press the AF transition, resulting in the appearance of
superconductivity (SC).2, 4, 5 Similar features are also ob-
served in AFe2As2 (A = Ca, Sr and Eu) compounds with
the same ThCr2Si2 structure.
6–12 Since the emergence
of superconductivity coincides with the disappearance of
the AF transition, the spin fluctuation of Fe moments is
suggested to play an important role in establishing the
superconducting ground state.
An important clue to the mechanism of superconduc-
tivity should be provided by high-pressure experiment
on a stoichiometric sample since the application of pres-
sure introduces no disorder. However, fundamental prob-
lems remain to be solved, as the appearance of pressure-
induced superconductivity in AFe2As2 is highly sensi-
tive to pressure homogeneity. In particular for CaFe2As2,
there exists a crucial difference in the presence/absence
of superconductivity depending on the hydrostaticity of
pressure.6–8 The inclusion of only a small amount of
tetragonal phase gives rise to a spurious superconductiv-
ity in the magnetic and orthorhombic phases. In other
words, non hydrostatic pressure may smear out intrin-
sic properties. Similar discrepancies exist for the pres-
sure effect in BaFe2As2 and SrFe2As2. For BaFe2As2, a
single-crystalline sample becomes superconducting above
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a critical pressure of 2.5 GPa,5 while a polycrystalline
sample exhibits no zero resistance up to 13 GPa under
hydrostatic condition using a cubic anvil apparatus.9 On
the other hand, the pressure-induced superconductivity
in SrFe2As2 is confirmed by some groups using different
high-pressure apparatus; however, the critical pressure
for the appearance of SC is controversial.5, 10, 11 Further-
more, there is no bulk evidence of the SC transition in
BaFe2As2 and SrFe2As2, because most previous studies
are carried out by resistivity measurement. To resolve
these problems, we measured the electrical resistivity and
ac magnetic susceptibility of BaFe2As2 and SrFe2As2 sin-
gle crystals under highly hydrostatic pressure conditions
up to 8 GPa. In this letter, we report the phase dia-
grams of these compounds, and present bulk evidence of
the pressure-induced superconductivity in SrFe2As2.
Single crystals were grown by an FeAs self-flux method
to avoid the contamination of other elements into the
crystals. The starting materials were put in an alumina
crucible and sealed in a double quartz tube. The tube
was heated up to 1100◦C, and slowly cooled down to
900◦C in 50 h. High pressure was generated using a cu-
bic anvil high-pressure apparatus consisting of six tung-
sten carbide anvils, which has been proved to produce a
homogeneous pressure.13 The pressure of the sample is
calibrated by the measurement of the resistivity changes
of Bi and Te associated with their structural phase tran-
sitions at room temperature. The force applied to the
sample is kept constant during the measurement by cool-
ing and warming runs. We use glycerin and pyrophyllite
as the pressure-transmitting medium and gasket, respec-
tively. Electrical resistivity was measured by a standard
four-probe dc technique with current flow in the ab plane.
Ac magnetic susceptibility was measured using a conven-
tional Hartshorn bridge circuit at a fixed frequency of 307
Hz. A modulation field with an amplitude of 2 Oe was
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Fig. 1. (Color online) Temperature dependence of the electrical
resistivity of BaFe2As2 single crystal under pressure. The arrows
at TS indicate the location of the AF and structural transition
temperatures. Left inset: dρ/dT versus T at selected pressures.
Right inset: Pressure dependence of TS obtained by the electrical
resistivity measurements. Broken lines are guides for the eye.
applied along the ab plane. A similar-size piece of lead
was also placed inside the compensated pick-up coil to
estimate the magnitude of the signal corresponding to
100% of the shielding effect to the sample.
Figure 1 shows the temperature dependence of the
electrical resistivity ρ(T ) of BaFe2As2 under pressure. At
ambient pressure, ρ(T ) decreases with decreasing tem-
perature, and shows a sharp resistivity drop at TS ∼ 138
K corresponding to the AF and structural transitions as
mentioned above. Here, we define TS as the peak in the
derivative dρ(T )/dT (see the left inset of Fig. 1). With
increasing pressure, TS shifts to a lower temperature.
Above 4 GPa, one may notice that the sharp downward
anomaly at TS changes into a slight upturn leading to
a peak before decreasing with further decrease in tem-
perature, implying a superzone gap opening. A similar
feature is also observed in SrFe2As2 single crystal under
pressure, as shown in Fig. 2. Note that the anomaly at TS
on BaFe2As remains quite sharp up to the highest pres-
sures, confirming the good hydrostaticity of the pressure
environment in the present experiment. The most strik-
ing feature of our experiment is that the AF and struc-
tural transitions persist against pressure up to 8 GPa,
and that there is no signature of a superconducting tran-
sition. These results are in contrast to those of an ear-
lier high-pressure study using single-crystalline samples
grown by the same method.5 Here we consider the differ-
ence in high-pressure experimental conditions: First, our
high-pressure experiments have been performed using a
cubic anvil apparatus known to generate hydrostatic con-
ditions owing to the multiple anvil geometry, while the
experiment in the previous report was carried out using
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Fig. 2. (Color online) Temperature dependence of the electrical
resistivity of SrFe2As2 single crystal under pressure. The vertical
arrow at TS indicates the location of the AF and structural tran-
sition temperatures. The right panel shows the low-temperature
part below 60 K.
a diamond anvil cell (DAC) in the uniaxial geometry.
Second, the pressure-transmitting medium used in the
DAC measurement was Daphne7373, which solidifies at
2.2 GPa at room temperature. The solidification of the
liquid pressure-transmitting medium causes inhomoge-
neous pressure distributions, especially for DAC, which
induces uniaxial stress. On the other hand, the glycerin
used in our experiments remains near hydrostatic pres-
sure of up to 7 GPa.14 Consequently, we speculate that
these differences in the high-pressure experimental con-
ditions have a critical influence on the appearance of su-
perconductivity in BaFe2As2.
As shown in the right inset of Fig. 1, TS monotoni-
cally decreases with decreasing temperature, reaching ∼
84 K at 8 GPa. The slope of dρ(T )/dT ∼ -7.0 K/GPa
is the smallest among AFe2As2 compounds (A = Ba,
Sr, Eu, Ca), which is consistent with theoretical calcula-
tions.15, 16 We conjecture that the collapse of the struc-
tural/magnetic transition may occur above 10 GPa. This
deserves further investigation with extension of the pres-
sure range for exploring pressure-induced superconduc-
tivity under highly hydrostatic pressure condition.
Figure 2 shows the electrical resistivity of SrFe2As2
as a function of temperature for different pressures. At
ambient pressure, there is a resistivity anomaly at TS ∼
200 K, corresponding to first-order AF and structural
transitions, in agreement with previous reports.17, 18 TS
monotonically decreases with increasing pressure. Then
it seems to collapse at a critical pressure PC ∼ 5.0
GPa. In the right panel of Fig. 2, we focus on the low-
temperature part of electrical resistivity at selected pres-
sures. At 3.5 and 4.0 GPa, we find a downturn at ap-
proximately 30 K. A well-defined transition to a zero-
resistance state emerges at 4.5 GPa, where the AF resis-
tive anomaly still exists at ∼90 K. At 5.0 GPa, the SC
transition sharpens at a transition temperature TSC ∼ 32
J. Phys. Soc. Jpn. Letter Author Name 3
-1.0
-0.8
-0.6
-0.4
-0.2
0.0
4pi
χ’ a
c
50403020100
T (K)
3.0 GPa 4.0
4.5
5.0 6.07.0
8.0
5.5
SrFe2As2
 
1.0
0.8
0.6
0.4
0.2
0.0
|4
piχ
’ a
c 
|
1086420
P (GPa)
PC
Fig. 3. (Color online) Temperature dependence of the real part of
ac magnetic susceptibility χac for SrFe2As2 single crystal under
pressure, relative to that in normal state. A modulation field of
2 Oe was applied along the ab plane. The inset shows the pres-
sure dependence of the superconducting volume fraction |4piχ′ac|
taken at approximately 6 K.
K. Here, the superconducting transition temperature TSC
is defined as a zero resistive temperature. With further
increase in pressure, TSC monotonically decreases, and
then the superconducting transition tends to broaden
again.
To establish the bulk nature of the superconducting
transition, we carried out ac magnetic susceptibility mea-
surements under pressure. Figure 3 shows the tempera-
ture dependence of the real part of χac under pressure,
relative to that in the normal state. At 3.0 GPa, there is
no apparent change in χ′ac. With increasing pressure, a
noticeable drop appears close to the temperature TSC ob-
tained by the aforementioned resistivity measurements,
although the SC diamagnetism at 5.0 GPa is approxi-
mately 60% with a large transition width, implying the
presence of a normal state portion in the sample. When
pressure is increased up to 5.5 GPa, the transition be-
comes sharper, and a nearly perfect shielding is detected.
This result indicates that the SC transition is of bulk
origin. Note that a steplike feature in χ′ac is observed
in the pressure range between 5.0 and 6.0 GPa. This is
probably due to the inhomogeneity of the pressure distri-
bution; however, we cannot rule out other possibilities,
such as the vortex-glass state causing a double-step su-
perconducting transition.19 These possibilities need fur-
ther investigation. Interestingly, the transition begins to
broaden again at higher pressures, and thus the shield-
ing effect becomes abruptly weak at 8.0 GPa. To show
the pressure dependence of the SC volume fraction, we
plot the magnitude of 4piχ′ac at the lowest temperature
studied here (see the inset of Fig. 3). |4piχ′ac| markedly
increases above 5.0 GPa, exhibiting a value (∼1) corre-
sponding to the full shielding effect in a narrow pressure
region. Note that this pressure almost coincides with the
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Fig. 4. (Color online) Temperature-pressure phase diagram of
SrFe2As2. Filled triangles and circles are determined from re-
sistivity and ac susceptibility, respectively. The SC transition
temperature TSC is defined as the temperature of zero resistance
and 50% of the full shielding effect. Broken lines are guides for
the eye.
PC where the AF and structural transitions disappear.
In Fig. 4, we summarize the TS and TSC obtained
from our high-pressure experiments to construct a
temperature-pressure phase diagram of SrFe2As2. Here,
the SC transition temperature of the ac susceptibility
measurement is defined as the temperature at which the
sample was observed to reach 50% of the full shielding
effect in the χ′ac. As the external pressure increases, TS
starts to decrease steeply above 3.5 GPa, and then seems
to be suppressed to zero in the vicinity of PC ∼ 5.0 GPa.
The present critical pressure is higher than the PC ∼
3.6 GPa reported by Kotegawa et al .11 The discrepancy
can be ascribed to the difference in pressure homogene-
ity, as observed in the case of BaFe2As2; the pressure
transmitting medium used in previous measurements was
Daphne7373. More recently, Kotegawa et al . have inves-
tigated the pressure-transmitting medium dependence of
the pressure-temperature phase diagram by measuring
electrical resistivity.20 They revealed that PC is affected
by uniaxial stress; PC was estimated to be 4.4 GPa un-
der better hydrostatic condition. This result is consis-
tent with our experimental observation and supports our
good hydrostaticity of the pressure condition.
We return to the features of superconductivity. At 4.5
GPa, we observed the resistivity anomaly due to both
antiferromagnetic and superconducting (zero resistance)
transitions, implying the coexistence of AF and SC. In-
deed, the onset temperature of the shielding effect ap-
proximately corresponds to the zero-resistance temper-
ature, but the superconducting volume fraction is quite
small. Since the zero resistance due to SC transition can
occur even at a small volume fraction, the inhomogene-
ity of the pressure distribution leads to a deviation from
4 J. Phys. Soc. Jpn. Letter Author Name
the ideal phase diagram. Furthermore, internal strain in-
duces filamentary superconductivity with zero resistance
even at ambient pressure.21 To clarify the boundary of
the bulk SC, we adopt the TSC determined from ac sus-
ceptibility. Our phase diagram indicates that bulk super-
conductivity only appears above PC, where TS is fully
suppressed. This is consistent with the rapid sharpen-
ing of the superconducting transition width and the re-
markable increase in SC volume fraction exceeding PC.
Note that similar feature has been observed in EuFe2As2
under pressure, although in this case the magnetically
ordered state of the Eu2+ moments persists in the SC
phase.22 Consequently, we suggest that the supercon-
ductivity does not coexist with the AF/orthorhombic
phase. Interestingly, bulk superconductivity is observed
only when the pressure is near PC in the paramagnetic
tetragonal phase. From this feature, we conjecture that
the lattice/magnetic instability in the vicinity of PC plays
a crucial role in the appearance of the superconductivity.
According to recent NMR measurements for BaFe2As2
and SrFe2As2 at ambient pressure, the development of
anisotropic spin fluctuations was observed with decreas-
ing temperature in the tetragonal phase.23, 24 Further in-
vestigation is needed to determine how AF fluctuations
evolve in the pressure region where bulk SC appears.
In summary, we have performed high pressure experi-
ments on ternary iron arsenide BaFe2As2 and SrFe2As2
single crystals under highly hydrostatic pressure condi-
tions. For BaFe2As2, the AF and structural transitions
become suppressed with increasing pressure; however,
they persist even up to the highest pressure of 8.0 GPa.
No signature of a SC transition was observed. Instead, a
pressure-induced SC phase was implied to exist at higher
pressures. High pressure experiment above 10 GPa is in
progress to verify this point. For SrFe2As2, the bulk na-
ture of the SC transition was confirmed by the ac sus-
ceptibility measurement. The most intriguing feature is
that bulk superconductivity does not coexist with the
AF/orthorhombic phase and is stabilized in the narrow
pressure region of the tetragonal phase.
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